Introduction
============

*Malassezia* genus is known to have 14 species of lipophilic yeasts. These species are members of skin microbiota in humans, mammals, and birds \[[@B1]\]. There are particular predisposing factors that may turn these species into opportunistic yeasts causing superficial and systemic infections in their hosts \[[@B2]\]. Seborrhoeic dermatitis is a common skin disease that can appear most often on the face, especially nasolabial folds, scalp, trunk, and sebaceous gland-rich areas. *Malassezia* species play an important role in this skin disease \[[@B3]\].

While seborrhoeic dermatitis caused by *Malassezia* species is generally treated with a combination of oral and topical medicines, treatments do not always lead to favorable outcomes due to the chronic and recurrent nature of the infection \[[@B4]\]. However, a limited range of drugs, particularly topical antifungal solutions with 2% ketoconazole, can be administered to manage the mentioned infection \[[@B5]\]. Long periods of treatment with such medicines are associated with high toxicity and recurrence \[[@B6]\].

The oral administration of this highly lipophilic drug will lead to its accumulation in the fatty tissues. This results in major side effects, such as toxic hepatitis, acquired cuta-neous adherence, nausea, vomiting, decreased appetite, rash, pruritus, irregular period, decreased libido, and breast enlargement in men \[[@B7]\]. Moreover, this medication is contraindicated for the pregnant or breastfeeding women \[[@B8]\].

Other topical antifungal agents, such as clotrimazole, miconazole, and terbinafine, are less commonly administered due to their association with higher recurrence risk \[[@B9]\]. Recently, much attention has been paid to replace the synthetic anti-microbial medications with natural alternatives, which have less side effects and lower cost \[[@B10], [@B11]\]. Kombucha tea is one of these natural alternatives, which is a popular traditional fermented drink in many countries.

This tea is prepared from the fermentation of sugared black tea with a symbiotic culture of acetic bacteria and kombucha fungi \[[@B12]\]. The beneficial compounds of this beverage include polyphenols (flavenoids), glucuronic acid, gluconic acid, lactic acid, antibiotics, folic acid, D-lactic acid, epigallocatechin gallates, amino acids, as well as vitamins B1, B2, B3, B6, and B12 \[[@B13], [@B14]\].

There are reports indicating the potential antimicrobial properties of Kombucha tea against such pathogenic bacteria as *Escherichia*, *Klebsiella*, *Proteus*, and *Salmonella* \[[@B15], [@B16]\]. According to the literature, Kombucha tea, especially its ethyl acetate fraction, has high amounts of flavonoid and phenolic compounds \[[@B17]\] with antimicrobial activity \[[@B14], [@B18]\]. How-ever, no study has determined the effective fraction of Kombucha tea against *Malassezia* species yet.

With this background in this mind, the current study was comducted with a two-fold aim: a) identification of *Malassezia* species obtained from the patients with seborrheic dermatitis and b) evaluation of the antifungal effect of Kombucha tea ethyl acetate fraction (KEAF) on inhibiting the growth of these isolates.

Materials and Methods
=====================

***Preparation of Kombucha tea***

In order to prepare Kombucha tea, black tea (Golestan, Tehran, Iran) was added to boiling water (1.2% w/v), which was then mixed and left to brew for 5 min. Subsequently, the tea was passed through a sterile sieve. After the dissolution of sucrose (10%) in the hot tea, it was left to cool. In the next step, 3% (w/v) freshly grown tea fungus (previously cultured in the same medium for 14 days) and 10% (v/v) fermented liquid tea broth were added to the jar under sterile condition. The jar was covered with clean clothes and fastened tightly. The solutuion was allowed to ferment in the dark at 24°C for 14 days. On the 14^th^ day, the fermented tea was centrifuged at 4,000 rpm for 20 min \[[@B19]\].

***Ethyl acetate fraction of Kombucha tea***

Kombucha tea was fractionated using ethyl acetate (1:2 v/v). A vacuum rotary evaporator (R-200, Büchi, Germany) was used to concentrate the Kombucha tea ethyl acetate solution. The obtained sticky mass in distilled water was passed through a 0.22 μm Millipore membrane. Finally, the filtered solution was left to degas \[[@B20]\].

***Culture and identification of Malassezia species***

This study was conducted on 19 patients referring to the Skin Department at Bahonar Hospital, Karaj, Iran. Lesions with yellowish scale, pityriasiform scaling, as well as greasy, seborrhea, and erythematous plaques were clinically diagnosed as seborrheic dermatitis. The patients who had used antifungal drugs during the previous six weeks were excluded from the study. The samples were collected from the skin lesions of the patients and inoculated onto modified Dixon's agar as recommended by Gueho et al. (3.6% malt extract agar, 0.6% peptone, 1% agar, 2% oxbile, 1% Tween-40 \[all from Merck, Germany\], 0.2% glycerol, and 0.2% oleic acid \[Sigma, Germany\]).

The medium was supplemented with cyclo-hexamide (0.5%) and chloramphenicol (0.05%) (Sigma, Germany) and incubated at 32°C for 10 days. The growing colonies were identified based on the morphology of the colonies, attendance of catalase, tolerance of 37°C \[[@B21]\], and Tween assimilation test \[[@B22]\]. This study was approved by the Ethics Committee of Alborz University of Medical Sciences, Karaj, Iran (Abzums.Rec. 1395.51).

***Tween assimilation technique***

In order to identify the species of *Malassezia*, these yeasts were subjected to utilize individual Tween compounds (i.e., Tween 20, 40, 60, and 80). The growth and precipitation of the lipophilic yeasts around individual wells revealed the utilization of Tween. Briefly, a suspension about 10^5^CFU/mL was prepared from *Malassezia* yeasts on the mDixon agar. These suspensions were mixed with 16 ml of melted sterile Sabouraud agar (Merck, Germany) that allowed them to cool to approximately 50°C. Afterwards, the mixtures were plated, and four holes with 2-mm diameter punch were made and filled with5 µl of Tween 20, 40, 60, and 80 (Merck, Germany). The plates were incubated at 32°C for one week \[[@B22]\].

***Amplification of internal transcribed spacer regions***

One colony of yeast pure culture was subcultured on 10 ml of Dixon broth for DNA extraction by phenol chloroform method as described by Yamada et al. \[[@B23]\]. The polymerase chain reaction (PCR) technique was performed by the primers internal transcribed spacer (ITS) 4 and ITS5 to amplify ITS-5.8S rDNA region (5΄-TCCTCCGCTTATTGATATGC-3΄) and ITS5 (5΄-GGAAGTAAAAGTCGTAACAAGG-3΄). For each PCR, we used 25 µL Taq 2x PCR Master Mix (SinaClon BioScience Co., Karaj, Iran), 0.5 µl of each primer, and 2 µl DNA template in a 25 µl volume.

The amplification of the gene fragment was performed in a PCR thermal cycler (Peqlab, Belgium) by the denaturation of 5 min at 94°C, followed by 35 cycles of annealing at 56°C for 40 sec and elongation at 72°C for 2 min. The second denaturation occurred at 94°C for 45 sec. The PCR was completed by a final elongation step at 72°C for 10 min. The molecular masses of the amplified DNA were estimated by comparison with a 100-bp DNA ladder (Bio-Rad Laboratories S.A., Barcelona, Spain).

***DNA sequencing of internal transcribed spacer regions***

Sequencing analysis was performed on purified products using the ITS4 forward primer by Biosystems 3730 XL Bioneer Corporation (made in Korea). The sequences were compared with the those present in the gene bank database (http://www.ncbi.nlm.nih.gov) by using the Blast system.

***Assessment of the antifungal properties of Kombucha ethyl acetate fraction***

The minimum inhibitory concentrations (MICs) of KEAF were determined by the modified broth microdilution method based on the Clinical and Laboratory Standards Institute M27-A3 protocol \[[@B24]\]. *Malassezia* isolates were obtained in 5 ml of sterile distilled water using 5-day-old colonies grown on mDixon agar at 32°C. The cell density was adjusted with spectrophotometer at 530 nm to obtain the transmittance of 0.5 McFarland, corresponding to 2-4×10^4^ cells/mL \[[@B25]\].

Subsequently, 80 μl KEAF with three concentrations of 10, 40, and 80 mg/mL diluted in RPMI 1640 (Sigma Aldrich, Germany) was transferred into a 96-well microplate (Jetbiofil, China) and mixed with 80 μl of yeast suspension and 80 μl of Dixon broth. For the purpose of control and comparison, we also prepared the serial dilutions of ketoconazole (Sigma Aldrich, Germany) ranged within 16-0.016 µg/mL and assessed their antifungal properties in a procedure similar to that described for KEAF.

All tests were incubated at 32°C for five days. The MIC was regarded as the lowest concentration of drug or fraction inducing growth inhibition, compared to the amount in the wells with no drug or fraction agent (negative control). After incubation, 50 µl of each concentration was transferred to the surface of modified Dixon agar. The minimum fungicidal concentration (MFC) of drug or fraction was obtained by the absence of colonies in plate. All bioassays were performed twice, and the mean values were calculated.

***Statistical analysis***

The data were analyzed using the ANOVA and paired t-test through the SPSS version 19.0. P-value less than 0.05 was considered statistically significant.

Results
=======

During the study period, 89.5% of the samples were positive for the presence of *Malassezia*species. These isolates were identified according to their microscopic characteristics and their ability to assimilate Tweens 20, 40, 60, and 80. However, a total of 23 *Malassezia* strains were isolated from the patients with seborrheic dermatitis ([Table 1](#T1){ref-type="table"}). The ITS5.8S rDNA region was amplified using ITS4 and ITS5 primers. [Figure 1](#F1){ref-type="fig"} presents the gel electrophoresis of amplification products.

According to the results of DNA sequence analysis, *M. furfur* (39.13%) was the most common *Malassezia* species isolated from the seborrheic dermatitis lesions, followed by *M. globosa*(30.43%), *M. sloofie* (13.04%), *M. sympodialis* (13.04%), and *M. restricta* (4.34 %), respectively. ([Table 1](#T1){ref-type="table"}). The in-vitro inhibitory effects of KEAF on 23 clinical isolates of *Malassezia* species obtained in this study are illustrated in [Table 2](#T2){ref-type="table"}.

###### 

Isolation of *Malassezia* clinical strains and demographic characteristics of patients with seborrhoeic dermatitis

  -------------------------------------------------------------------
  *Malassezia*species   Number tested (%)   Gender     Age
  --------------------- ------------------- ---------- --------------
  *M. furfur*           9 (39.13)           Male=7\    Range=17-48\
                                            Female=9   Mean=30.4

  *M. globosa*          7 (30.43)                      

  *M. sloofie*          3 (13.04)                      

  *M. sympodialis*      3 (13.04)                      

  *M. restricta*        1 (4.34)                       
  -------------------------------------------------------------------

![Electrophoresis of polymerase chain reaction products from *Malassezia* clinical isolates; lane M: DNA size marker 100 bp (5 μg/μL), lane 1-5: isolates including *M. globosa, M. furfur, M. restricta, M. sloofie,*and*M. sympodialis* (\~650bp), sample: 3 ul, 45 min running on 1% agarose gel](cmm-2-030-g001){#F1}

The antifungal property of KEAF was evident when the fraction was assayed at 80 mg/mL (*P\<0.05*). Furthermore, KEAF in concentration of 80 mg/mL demonstrated an inhibiting growth of 95.7% in the evaluated *Malassezia* strains. The fungicidal effect was observed in 78.7% of the samples. Although KEAF inhibited 33% and 59% of *Malassezia* strains at concentrations of 10 and 40 mg/mL, respectively, it showed no fungicidal effects in these concentrations.

###### 

Average percentage of minimum inhibitory and fungicidal concentrations of Kombucha tea ethyl acetate fraction and ketoconazol against *Malassezia* species (n=23)

                       MIC     MFC
  -------------------- ------- -------
  KEAF (10 mg/mL)      33%     \-
  KEAF (40 mg/mL)      59%     \-
  KEAF (80 mg/mL)      95.7%   78.7%
  KTC (4.5-16 µg/mL)   100%    57%

KEAF: Kombucha tea ethyl acetate fraction, KTC: ketoconazol, MIC: minimum inhibitory concentration, MFC: minimum fungicidal concentration (The values are the mean of two experiments)

Regarding ketoconazole (16-4.5 µg/mL), it inhibited 100% of the *Malassezia* strains; nevertheless, the fungicidal effect was observed in only 57% of the samples ([Table 2](#T2){ref-type="table"}). *M. furfur*had a higher MIC value, compared to other species, indicating a low susceptibility to KEAF and ketoconazole ([Table 3](#T3){ref-type="table"}). The comparison of the fraction and ketoconazole in terms of the anti-*Malassezia* effects revealed that the inhibitory effect of the extract was equivalent to that of ketoconazole at 4.8 µg/mL (*P\<0.05*; [Table 2](#T2){ref-type="table"}).

Discussion
==========

In this study, DNA sequencing method was used to identify *Malassezia* species obtained from seborrheic dermatitis patients. Five *Malassezia* species were identified in the Iranian patients inflicted with seborrheic dermatitis. In this regard, *M. furfur* (39.13 %) was the predominant species, followed by *M. globosa* (30.43%), *M sloofie*, *M. sympodialis* (13.04%), and *M. restricta* (4.34 %), respectively ([Figure 1](#F1){ref-type="fig"}, [Table 2](#T2){ref-type="table"}).

However, our findings were slightly different with those obtained by the previous studies in the sense that *M. sloofie* was isolated from the Iranian seborrheic dermatitis patients for the first time. Furthermore, in contrast to other studies, *M. furfur* had the highest frequency, and *M. pachydermatitis* and *M. obtuse* were not isolated in this study \[[@B3], [@B26], [@B27]\]. The results of the previous studies may lead to the false identification of species due to not employing molecular methods or investigating different geographic regions.

Findings regarding *M. furfur* were mostly compatible to those of other studies carried out in Japan \[[@B28]\], Korea \[[@B29]\], China \[[@B30]\], Sweden \[[@B31]\], and Canada \[[@B32]\]. DNA sequence analysis is a rapid, stable, and effective method for the identification and strain typing of *Malassezia* species \[[@B30], [@B33]\]. In the present study, the use of universal primers for the amplification of ITS regions led to the separation of non-*Malassezia* species and *Malassezia* species. Therefore, it is recommended to use more specific primers for the identification of *Malassezia* species.

The present study also investigated the inhibitory effects of KEAF against these *Malassezia* clinical isolates. According to the results, the inhibitory effect of KEAF was notable at the concentration of 80 mg/mL ([Table 2](#T2){ref-type="table"}). The antifungal property of KEAF was not evident when the fraction was assayed at 40 mg/mL, and specially 10 mg/mL ([Table 2](#T2){ref-type="table"}), which was indicative of the dose-dependent inhibitory activity of fraction.

###### 

In vitro antifungal of Kombucha tea ethyl acetate fraction (80 mg/mL) and ketoconazol against 23 clinical isolates of *Malassezia*

  -----------------------------------------------------------------------------------------------
                *M.furfur*\   *M. globosa*\   *M.sloofie*\   *M. sympodialis*\   *M.restricta*\
                *(n=9)*       *(n=7)*         *(n=3)*        *(n=3)*             *(n=1)*
  ------------- ------------- --------------- -------------- ------------------- ----------------
  MIC (KEAF )   1.5±0.3       1.2±0.2         1.08±0.2       1.1±0.05            0.9±0.08

  MIC (KTC )    0.6±0.02      0.2±0.01        0.1±0.04       0.1±0.01            0.3±0.02
  -----------------------------------------------------------------------------------------------

MIC: minimum inhibitory concentration, KEAF: Kombucha tea ethyl acetate fraction, KTC: ketoconazol (The values are the mean of two experiments)

Furthermore, the comparisons between the anti-*Malassezia* effects of the extract and ketoconazole revealed that the inhibitory effect of this fraction was equivalent to that of ketoconazole at 4.8 µg/mL. Seborrheic dermatitis is a growing disease \[[@B10], [@B34]\], especially in Iran, for unknown reasons, which might be genetic factors or climatic conditions (based on our unpublished clinical observations).

Azole derivatives, especially ketoconazole, are the most commonly antifungal agents used forthe treatment of this disease \[[@B5]\]. Nevertheless,since several *Malassezia* species have developed resistance to existing antifungal drugs, the prevalence of infections caused by these micro-organisms is on a growing trend \[[@B6], [@B10], [@B34]\]. Furthermore, the toxicity and low efficacy of the available antifungal agents along with the scarcity of novel medicines are barriers to the effective use of infection management modalities \[[@B6], [@B9]\].

Kombucha tea is known to inhibit the growth of *Candida albicans* and also a wide range of gram-positive and gram-negative bacteria, including *Staphylococcus aureus*, *Vibrio cholerae*, *Campylobacter jejuni*, *Escherichia coli*, and *Helicobacter pylori* \[[@B15], [@B16]\]. However, no report has determined the effective fraction of Kombucha tea against *Malassezia*species obtained from the patients with seborrheic dermatitis.

Overall, the comparison of KEAF with ketoconazol demonstrated that KEAF could be a good option for the topical management of seborrheic dermatitis, mainly in the recurrent forms. It seems that the anti-*Malassezia* activity was due to the presence of some compounds in the fraction. Nonetheless, the mechanism behind the anti-*Malassezia*activity of Kombucha tea has not been fully understood yet.

Jayaban et al. showed that ethyl acetate fraction of Kombucha tea contains two compounds, namely dimethyl malonate and vitexin with antimicrobial properties \[[@B17]\]. Moreover, these extracts have been found to have high amounts of flavonoidand phenolic compounds. These compounds have strong DPPH radical scavenging and antimicrobial activities \[[@B17], [@B18]\]. The presence of such compounds in the extract might have been responsible for their antifungal properties.

Nevertheless, further studies are required to confirm these findings. Finally, the topical use of KEAF at concentrations of ≥ 80 mg/mL can be offered to prevent and treat the diseases caused by *Malassezia*species, such as pityriasis versicolor, dandruff, folliculitis, and atopic dermatitis. However, the in vitro efficacy of this extract needs to be further evaluated to find the correlation between the in vitro MIC and clinical outcomes.

Conclusion
==========

In summary, the obtained results demonstrated that ethyl acetate fraction of Kombucha tea has a marked antifungal activity against *Malassezia* species and that it may be used to treat and prevent Malassezial infections. We believe that the observed anti-*malassezia* activity is due to some compounds present in the fraction. However, future studies are required to analyze the extract.
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